Abstract
INtroduCtIoN
It is well known that a duct offers significant advantages for the thrust performance of the propeller. Studies about nozzle and propeller shape have been done for a while and conventional 19A nozzles are used ordinarily for a ducted propeller (Gornicz t., 2013). But widely used 19A nozzle originally designed to meet requirements of maritime industry and does not fully meet the requirements of other vehicle types. this paper compares thrust performances of different nozzles shapes in order to use them in hovercraft (Pągowsk, z. oBJeCt of Study four geometries of the duct were investigated in the current work: Wageningen 19A -a conventional nozzle; NACA 73_4212 -the duct geometry proposed in (Serdar yılmaz, 2013); Wartsila-Hr -high performance rice thrust Nozzle; Ilot-Hr -duct designed in the current work ( fig. 1 ). All ducts used the same fan manufactured by Multi-Wing. the fan diameter is 1600 mm, duct length is 1200 mm. the propeller location is in 20% chord from the leading edge, as for the requirements of hovercraft design (in order to install reverse thrust system). 
numerical methods
Calculations were done using Cfd toolbox Ansys -fluent. fluent was validated many times and it was proven to be a reliable tool (Gornicz t., 2013), (Jiyuan tu, 2008). It was used as pressure-based, a steady state, axisymmetric calculation model with SIMPlPe solution algorithm and the second order gradient schemes. the flow turbulence was calculated using k-ω SSt model (d.C. Wilcox, 2002) , (Hellsten, 1998) , (Mani M., 2004) . Boundary conditions were defined in next way: velocity-inlet for inlet of domain, pressure-outlet for outlet, slip wall for outer border of domain, wall for duct and hub walls, fan for plane simulating pressure jump caused by fan and periodic for sides of computational domain. during calculation the mass flow rate through a duct stabilized after about 3000 iterations, with residuals less than 10 -4 for continuity, k, ω and 10 -6 for velocities.
the highest thrust was produced by duct with NACA-73_4212 airfoil, but the total C t of this nozzle was the worst. this can be explained by a significant, increasing flow velocities induced near the leading output of the airfoil, where the propeller is installed, and as a result a higher local advance ratio and lower thrust was created ( fig. 5 ). the high performance rice thrust nozzle Wartsila-Hr shows unexpectedly lower results in comparison with 19A. A big separation flow area near the trailing edge increase drag, and high velocities, induced by thick airfoil and degrade fan characteristics. this is probably caused by overdesigned conditions for the nozzle designed initially for maritime purposes. this case confirms the thesis that vehicles should used ducts designed especially for operating conditions. to improve thrust characteristics of the ducted propeller in the medium and increase high J conditions, a new design concept of duct were proposed in the current work. Ilot-Hr duct use deeply modified a geometry of Wartsila-Hr nozzle. Goal of the design was to reduce the drag by removing flow separation regions of the original Wartsila-Hr geometry ( fig. 6 ). Also the new design uses thinner airfoil with less induced circulation, which slightly reduces the duct thrust but improves the fan operation conditions. the results show an increase in the thrust coefficient in the range of J >0.3. figure 7 shows a comparison of pressure coefficients on the duct surfaces. figure 8 represents a comparison of dimensionless velocities at the trailing edge of the duct. 
